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Abstract
We consider non-adiabatic flow of the fluid possessing dissipation
in the form of shearing viscosity in electromagnetic field. The scalar
functions (structure scalars) for charged plane symmetry are formu-
lated and are related with the physical variables of the fluid. We also
develop a relationship between the Weyl tensor and other physical
variables by using Taub mass formalism. The role of electric charge
as well as its physical significance for the evolution of the shear tensor
and expansion scalar are also explored. Finally, we discuss a special
case for dust with cosmological constant.
Keywords: Structure scalars; Relativistic dissipative fluids; Electromag-
netic field; Plane symmetry.
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1 Introduction
Self-gravitation is a process through which different components of a large
body are binded together. In spite of it, stars, stellar clusters, galaxies and
clusters of galaxies would all expand and dissipate. Self-gravitating fluids
have attracted many people due to their applications in general relativity,
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astrophysics and cosmology. These are usually characterized by the set of
physical variables. Many structures have been identified which produce pres-
sure anisotropy in stellar models and make the fluid imperfect. The effect of
local anisotropy is usually taken into consideration under static conditions
[1].
The inclusion of an electromagnetic field has shown interesting outcome
in gravitational collapse. Bekenstein [2] was the first who explored the
Oppenheimer-Volkoff equations of hydrostatic equilibrium [3] from the neu-
tral to the charged case. In the discussion of charged gravitational collapse,
Nath et al. [4] concluded that electromagnetic field increases the formation of
naked singularity. Sharif and Abbas [5] analyzed the effect of electromagnetic
field on gravitational collapse with positive cosmological constant and found
two apparent horizons (cosmological and black hole) whose area decreases in
the presence of electromagnetic field. Further, they [6] extended this study
from four dimensions to five dimensions in the presence of electromagnetic
field and examined that the electromagnetic field reduces the pressure but
favors the formation of naked singularity.
The same authors [7] discussed the gravitational collapse for cylindrical
symmetry with charged perfect fluid. Sharif and Siddiqa [8] carried out the
consequences of charge and dissipation for plane symmetrical gravitational
collapse of real fluid. The dynamical and transport equations are coupled
to check the effects of dissipation over collapsing process. Sharif and Fatima
[9] discussed the coupled dynamical and transport equation for cylindrically
symmetric collapsing process. Moreover, they formulated a relationship be-
tween the Weyl tensor and energy-density inhomogeneity. Rosales et al. [10]
pointed out that electric charge plays the same role of anisotropy in the
collapse [11], when the tangential pressure is greater than radial pressure.
Herrera et al. [12] figured out a systematic study of spherically symmet-
ric self-gravitating relativistic fluids, based on the scalar functions (structure
scalars) derived from the orthogonal splitting of the Riemann tensor. Also,
Herrera et al. [13] provided a study on two aspects of Lemaitre-Tolman-Bondi
(LTB) spacetimes and gave an alternatives for obtaining spherically symmet-
ric dust solutions. Moreover, Herrera et al. [14] investigated the stability of
shear free condition based on the evolution equation of the shear tensor and
found that the major role is played by the scalar YTF . Recently, Herrera et
al. [15] provided a detailed study based on the structure and evolution of
self-gravitating relativistic fluids through structure scalars. These functions
are based on the orthogonal splitting [16] of the Riemann tensor in general
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relativity which are denoted by XT , XTF , YT , YTF . The role of electric charge
and cosmological constant on structure scalars is also analyzed for spheri-
cally symmetric spacetime [17]. In a recent paper, we have investigated the
structure scalars for the charged cylindrically symmetric spacetime [18].
This paper develops structure scalars for the charged plane symmetric
spacetime. The format is as follows. Section 2 is devoted for the discussion
of fluid distribution and formulate the Einstein-Maxwell field equations. We
also find a relation between the Weyl tensor and energy density inhomogene-
ity. Section 3 contains the discussion of structure scalars. In section 4, we
establish the structure scalars for the dust case with cosmological constant
in the absence of dissipation and viscosity. Finally, we summarize the results
in the last section.
2 Fluid Distribution and the Field Equations
We consider a general non-rotating plane symmetric distribution of collapsing
fluid whose line element is given by
ds2 = −A2(t, z)dt2 +B2(t, z)
(
dx2 + dy2
)
+ C2(t, z)dz2. (1)
We assume a fluid distribution which is locally anisotropic and suffering
dissipation in the form of shearing viscosity, heat flow and free streaming
radiation. Its energy momentum-tensor is
Tαβ = (µ+P⊥)VαVβ+P⊥gαβ+(Pz−P⊥)χαχβ+qαVβ+Vαqβ+ǫlαlβ−2ησαβ , (2)
where µ, P⊥, V
α, qα, ǫ, η and σαβ are the energy density, tangential pres-
sure, four velocity, heat flux, radiation density, coefficient of shear viscosity
and the shear tensor, respectively. Also, Pz, χ
α and lα are pressure, unit four-
vector and the null four-vector in the z-direction, respectively. We assume
the fluid to be comoving so that Eq.(1) satisfies
V α = A−1δα0 , χ
α = C−1δα3 , q
α = qC−1δα3 , l
α = A−1δα0 + C
−1δα3 , (3)
where q is a function of t and z and qα = qχα. The above quantities satisfy
the following relations
V αVα = −1, χ
αχα = 1, χ
αVα = 0,
V αqα = 0, l
αVα = −1, l
αlα = 0. (4)
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The energy-momentum tensor in electromagnetic field is
Sαβ =
1
4π
(
F γαFβγ −
1
4
F γδFγδgαβ
)
, (5)
where Fαβ = φβ,α − φα,β is the Maxwell field tensor and φα is the four
potential. The Maxwell field equations are
F
αβ
;β = µ0J
α, F[αβ;γ] = 0, (6)
here µ0 = 4π is the magnetic permeability and Jα is the four current. In
comoving coordinates, we have
φα = φδ
α
0 , J
α = ξV α,
where φ, ξ represent the scalar potential and the charge density, respectively,
both are functions of t and z. The charge conservation equation, Jα;α = 0,
yields
s(z) =
∫ z
0
ξCB2dz.
Equation (6) for α = 0 with φ′(t, 0) = 0 gives
φ′ =
µ0s(z)AC
B2
. (7)
The Einstein field equations in electromagnetic field lead to
8π(µ+ ǫ)A2 +
(
µ0sA
B2
)2
=
B˙
B
(
2C˙
C
+
B˙
B
)
−
(
A
C
)2 [
2B′′
B
−
(
2C ′
C
−
B′
B
)
B′
B
]
, (8)
−8π(q + ǫ)AC = −2
(
B˙′
B
−
A′B˙
AB
−
B′C˙
BC
)
, (9)
8π(P⊥ +
2
3
ηF )B2 +
(µ0s
B
)2
= −
(
B
A
)2 [
B¨
B
−
C¨
C
−
A˙
A
(
B˙
B
+
C˙
C
)
+
B˙C˙
BC
]
+
(
B
C
)2 [
A′′
A
+
B′′
B
−
A′
A
(
C ′
C
−
B′
B
)
−
B′C ′
BC
]
,(10)
4
8π(Pz + ǫ−
4
3
ηF )C2 −
(
µ0sC
B2
)2
= −
(
C
A
)2 [
2B¨
B
+
(
B˙
B
)2
−
2A˙B˙
AB
]
+
(
B′
B
)2
+
2A′B′
AB
, (11)
where dot and prime stand for differentiation with respect to t and z, respec-
tively.
We can describe the non-rotating fluid by the kinematical variables, i.e.,
expansion, acceleration and shear as
Θ = V α;α, aα = Vα;βV
β, σαβ = V(α;β) + a(αVβ) −
1
3
Θhαβ,
where hαβ = gαβ + VαVβ is the projection tensor. Using Eq.(1), these quan-
tities turn out to be
Θ =
1
A
(
2
B˙
B
+
C˙
C
)
, a3 =
A′
A
, aα = aχα, a2 = aαaα = (
A′
AC
)2. (12)
The magnitude of the shear tensor is defined as
σ2 =
1
2
σαβσαβ =
1
9
F 2,
where
F =
1
A
(
−
B˙
B
+
C˙
C
)
. (13)
The Weyl tensor (Cαµβν) can be broken into electric and magnetic parts.
However, the magnetic part vanishes for plane symmetry, while the electric
part is defined as
Eαβ = CαµβνV
µV ν ,
whose non-vanishing components are
E11 =
1
3
B2ε = E22, E33 = −
2
3
C2ε,
where
ε = −
1
2A2
[
C¨
C
−
B¨
B
−
A˙C˙
AC
+
B˙2
B2
+
A˙B˙
AB
−
B˙C˙
BC
]
−
1
2C2
[
A′C ′
AC
+
A′B′
AB
−
B′2
B2
−
B′C ′
BC
+
B′′
B
−
A′′
A
]
. (14)
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The electric part can also be written as
Eαβ = ε(χαχβ −
1
3
hαβ).
The mass function introduced by Taub [19] in the presence of electric
charge is given as
m(t, z) =
B
2
(
B˙2
A2
−
B′2
C2
)
+
(sµ0)
2
2B
. (15)
Using the field equations (8), (10), (11) and (15) in Eq.(14), we obtain
ε = 4µ˜π + 4π(2ηF − Π) +
6µ20s
2
2B4
−
3m
B3
, (16)
where Π = P˜z − P⊥, P˜z = Pz + ǫ, µ˜ = µ + ǫ. Differentiating Eq.(15) with
respect to z and then using the field equations (8) and (9), it follows that
m′ = 4π
(
µ˜+ q˜
U
E
)
B′B2 +
(µ0s)
2B′
2B2
, (17)
where U = B˙
A
is called the areal velocity of the collapsing fluid, q˜ = q+ ǫ and
E = B
′
C
. Integrating this equation, after some simplification, we obtain
3m
B3
= 4πµ˜−
4π
B3
∫ z
0
B3µ˜′dz+
4π
B3
∫ z
0
3B2UCq˜dz+
3µ20
B3
[
s2
2B
+
∫ z
0
B′s2
2B2
dz
]
.
(18)
It provides a relationship between mass function and fluid properties such
as energy density, heat flux and electric charge. Substituting this value in
Eq.(16), it follows that
ε = 4π(2ηF −Π) +
3µ20s
2
2B4
+
4π
B3
∫ z
0
B3µ˜′dz −
4π
B3
∫ z
0
3B2UCq˜dz
−
3µ20
B3
∫ z
0
B′s2
2B2
dz. (19)
This shows that the Weyl tensor depends on energy density inhomogeneity
and local anisotropy of pressure.
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3 Structure Scalars for the Charged Fluid
In this section, we formulate structure scalars from the orthogonal splitting
of the Riemann tensor. For this purpose, we define the following tensors
Yαβ = RαγβδV
γV δ, Xαβ =
∗ R∗αγβδV
γV δ =
1
2
ηεραγR
∗
ǫρβδV
γV δ,
where R∗αβγδ =
1
2
ηεργδR
ǫρ
αβ . The tensors Yαβ and Xαβ can be decomposed in
its trace and trace free components as
Yαβ =
1
3
YThαβ + YTF
(
χαχβ −
1
3
hαβ
)
,
Xαβ =
1
3
XThαβ +XTF
(
χαχβ −
1
3
hαβ
)
. (20)
Using the field equations (8), (10), (11) and (14), the above components take
the form
YT = 4π
(
µ˜+ 3P˜z − 2Π
)
+
µ20s
2
B4
,
XT = 8πµ˜+
µ20s
2
B4
,
YTF = ε− 4π (Π− 2ηF ) +
µ20s
2
B4
,
XTF = −ε− 4π (Π− 2ηF ) +
µ20s
2
B4
. (21)
Substituting Eq.(19) in (21), it follows that
YTF = −8πΠ + 16ηπF +
5s2µ20
2B4
+
4π
B3
∫ z
0
B3
(
µ˜′ −
3q˜UC
B
)
dz
−
3µ20
2B3
∫ z
0
s2B′
B2
dz,
XTF = −
s2µ20
2B4
−
4π
B3
∫ z
0
B3
(
µ˜′ +
3q˜UC
B
)
dz +
3µ20
2B3
∫ z
0
s2B′
B2
dz, (22)
which describes the density inhomogeneity and local anisotropy of the fluid.
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For the sake of convenience, we can introduce the following effective vari-
ables as
−
(
T 00 + S
0
0
)
= µeff = µ˜+
µ20s
2
8πB4
,
(
T 11 + S
1
1
)
= P effz =
(
P˜z −
4
3
ηF
)
−
µ20s
2
8πB4
,
(
T 22 + S
2
2
)
= P eff
⊥
=
(
P⊥ +
2
3
ηF
)
+
µ20s
2
8πB4
,
P effz − P
eff
⊥
= Πeff =
(
P˜z − P⊥
)
− 2ηF −
µ20s
2
8πB4
,
Πeff = Π− 2ηF −
µ20s
2
8πB4
. (23)
These equations show that the effective variables have the resemblance with
the ordinary variables from all the contributions (viscosity and electric charge).
In the light of above effective variables, the structure scalars become
XT = 8πµ˜eff ,
YT = 4π
(
µ˜eff + 3P˜z − 2Π
eff
)
,
YTF = −8πΠ
eff +
4π
B3
∫ z
0
B3
(
µ′eff −
3q˜UC
B
)
dz,
XTF = −
4π
B3
∫ z
0
B3
(
µ˜′eff −
3q˜UC
B
)
dz. (24)
We see that the charge contribution is present in the effective variables. In the
absence of electric charge, the structure scalars are directly obtained from
the above equations by replacing the effective variables with the ordinary
ones.
In order to understand the physical significance of the electric charge in
structure scalars, we use Raychaudhuri equation which gives the evolution
of expansion and the shear. In the absence of dissipation, XTF controls
inhomogeneities in the energy density. Moreover, it provides a differential
equation which yields the inhomogeneity factor and a relationship between
the Weyl tensor as well as other physical variables. The evolution equation
for expansion leads to
− YT = V
αΘ;α +
1
3
Θ2 + σαβσαβ − a
α
;α, (25)
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The evolution equation for shear becomes
YTF = χ
αa;α + a
2 −
aB′
BC
− V αF;α −
2
3
FΘ−
1
3
F 2. (26)
We see that the evolution equations for expansion and shear are independent
of charge contribution. This implies that the electric charge does not play
any role in these two equations. Moreover, these equations turn out to be the
same as in spherically symmetric spacetime. Finally, the differential equation
for the Weyl tensor and energy density inhomogeneity can be written as
(XTF + 4πµeff)
′ = −XTF
3B′
B
+ 4πq˜C(Θ− F ), (27)
which gives XTF as the inhomogeneity factor. This corresponds to the
charged spherically symmetric and also non-charged case by replacing the
effective energy density with the ordinary one.
4 Structure Scalars for Dust with Cosmolog-
ical Constant
In the dust collapse, the role of density inhomogeneities [20], especially in
the formation of naked singularities has been extensively discussed in the
literature. Eardley and Smarr [21] discussed the inhomogeneous general-
ization of the Oppenheimer-Snyder spherical dust collapse and found naked
singularities if the collapse is sufficiently inhomogeneous. Waugh and Lake
[22] found the necessary conditions for the formation of the naked singular-
ities. Joshi and Dwivedi [23] investigated the occurrence and nature of a
naked singularity for the inhomogeneous gravitational collapse for spherical
symmetry. Moreover, they [24] discussed the structure of naked singulari-
ties. The energy-density inhomogeneity also occurs due to the presence of
dissipation [25].
Here, we consider a special case of dust with non-vanishing cosmological
constant. Also, we take dissipation as well as shear effects zero. In this case,
the energy-momentum tensor takes the form
Tαβ = 8πµVαVβ, (28)
and the field equation has the form
Gαβ = Tαβ − Λgαβ, (29)
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where Λ is the cosmological constant. When Λ is negative, the universe
shows contraction and inhomogeneity will increase otherwise it will decrease.
In comoving coordinate system, the fluid represents geodesic behavior and
A′ becomes zero. Further, the re-scaling of the time coordinate gives A = 1.
Consequently, the mass function reduces to
m = 4π
∫ z
0
µB′B2dz +
Λ
6
B3. (30)
After some manipulations, the mass function and ε for dust fluid with cos-
mological constant become
3m
B3
= 4πµ+
Λ
2
−
4π
B3
∫ z
0
µ′dz,
ε =
4π
B3
∫ z
0
B3µ′dz. (31)
In this case, the scalar functions take the following form
YT = 4πµ− Λ, YTF = ε, XT = 8πµ− Λ, XTF = ε. (32)
Also, the evolution equations for the expansion and shear become
V αΘ;α +
1
3
Θ2 +
2
3
F 2 − aα;α = −4πµ+ Λ = −YT ,
−V αF;α −
2
3
ΘF −
1
3
F 2 = ε = YTF ,
respectively. The differential equation for the inhomogeneity factor can be
written as
(XTF + 4πµ)
′ = −XTF
3B′
B
.
It follows from here that µ′ = 0 if and only if XTF = 0, indicating XTF as
the inhomogeneity factor.
5 Summary
We have investigated a set of scalar functions corresponding to the charged
plane symmetric distribution. We have found that XT corresponds to the
energy density of the fluid with the contribution of electric charge. In the
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absence of dissipation, XTF controls the energy density inhomogeneity with
the passage of time. Also, YT turns out to be the mass density while YTF
have the interaction of both the energy density inhomogeneity and local
anisotropy. It is noted that the evolution of the shear and expansion have the
same contribution to YT and YTF as in the spherically symmetric case. Also,
it has the same effect on the inhomogeneity factor. For the dust case with
cosmological constant, it is found that evolution of the expansion scalar is
affected by the term Λ in YT , while evolution of the shear and inhomogeneity
factor remains the same. In this case, the relevant factor for inhomogeneity is
the Weyl tensor and stability of the homogeneous energy density is equivalent
to the stability of the conformal flatness.
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